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phosphate in cows with parturient paresis
Abstract
Thirty cows with parturient paresis were divided into three groups of 10. All the cows were given 500
ml of a 40 per cent calcium borogluconate solution intravenously over a period of 10 minutes, and 20
were also given 500 ml of a 10 per cent solution of sodium phosphate intravenously; in 10 of the cows
this solution was administered over a period of 10 minutes immediately after the calcium borogluconate
solution, and in the other 10 cows 200 ml of the solution was administered rapidly and the remaining
300 ml was added to 10 litres of sodium chloride and glucose solution and infused slowly over six
hours. There were no significant differences between the groups with respect to the outcome of the
treatments; six or seven of the cows in each group stood within eight hours of the treatment. There were
no significant differences between the changes in serum calcium concentrations among the groups. The
mean concentrations of inorganic phosphorus in the groups given sodium phosphate were increased
above the normal range initially, but after eight hours there were no significant differences between the
groups in terms of the numbers of cows that were hypophosphataemic. There were no significant
differences between the three groups with respect to changes after treatment in the serum concentrations
of magnesium or parathyroid hormone.
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Summary 
The goal of the present study was to investigate the effect of intravenous infusion of 
sodium phosphate on serum concentrations of inorganic phosphorus and to compare 
the outcome with that of cows that received calcium borogluconate alone. Thirty cows 
with parturient paresis were divided into three groups of 10 cows. Cows in group A 
received 500 ml of a 40 per cent calcium borogluconate solution intravenously over a 
10-minute period. Cows in groups B and C received the same treatment, plus 500 ml of 
a 10 per cent solution of sodium phosphate intravenously. In group B, the sodium 
phosphate was administered over a 10-minute period immediately after the calcium 
borogluconate solution, and in group C 200 ml of the sodium phosphate solution were 
administered rapidly and the remaining 300 ml were added to 10 litres of sodium 
chloride and glucose solution (90 g NaCl, 500 g glucose) and infused slowly over 6 
hours. Multiple blood samples were collected during a 72-hour period before and after 
treatment for the determination of the serum concentrations of total calcium, ionised 
calcium, inorganic phosphorus, magnesium and parathyroid hormone (PTH). There 
were no significant differences among the groups with regard to outcome of treatment. 
Twenty of 30 cows (seven of group A, seven of group B and six of group C) stood 
within eight hours of treatment. There was no significant difference in the profiles of 
serum calcium concentrations among the groups. The mean concentration of calcium 
increased significantly within 10 minutes from below the normal range to above the 
normal range and slowly then decreased. In group A, the serum concentration of 
inorganic phosphorus was not affected and remained below the normal range for 24 
hours. In group B, the serum concentration of inorganic phosphorus increased to above 
the normal range within 10 minutes of treatment and slowly then decreased after 40 
minutes. It was within the normal range at four hours, had decreased to below the 
normal range between five and eight hours and returned to normal at 24 hours. In 
group C, the mean serum concentration of phosphorus increased but the values were 
not as high as those in group B and remained within the normal range for only two 
hours. At three hours, group C had hypophosphataemia, which lasted until the eight-
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hour point. There was no significant difference among the three groups with respect to 
the number of cows with hypophosphataemia at eight, 24, 48 and 72 hours. 
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Introduction 
 Intravenous infusion of a calcium-containing solution is the treatment of parturient 
paresis in cows (Radostits and others 2007); 47 (Salis 2002) to 76 per cent (Malz and 
Meier 1992) of cows recover completely after a single treatment. However, some cows 
suffer a relapse after responding to initial treatment, and a few fail to respond to 
repeated treatment, necessitating euthanasia. Slow intravenous infusion of calcium for 
several hours instead of rapid intravenous infusion (Salis 2002, Braun and others 
2004a, 2004b), doubling the amount of calcium infused (1000 ml of a 40 per cent 
calcium borogluconate solution instead of 500 ml; Jehle 2004, Braun and others 2006) 
and administration of oral sodium phosphate together with intravenous infusion of 
calcium (Dumelin 2005, Braun and others 2007a, 2007b) have been investigated, but 
did not improve the outcome compared with standard therapy. An important finding of 
two of those investigations was that cows that stood within eight hours of treatment 
had higher serum concentrations of calcium and inorganic phosphorus than those that 
did not stand within eight hours (Dumelin 2005, Braun and others 2007b). Oral 
administration of sodium phosphate was considered ineffective because of the very 
slow increase in serum concentration of inorganic phosphorus that is seen in both 
healthy cows and those with parturient paresis (Cheng and others 1998, Dumelin 2005, 
Braun and others 2007b). The goal of the present study was to determine the 
concentration of inorganic phosphorus in the serum of cows with parturient paresis 
after the intravenous administration of sodium phosphate and compare their outcome 
with cows that received a solution of calcium alone.  
   
Materials and methods 
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Cows 
 Thirty cows (19 Simmental, seven Swiss braunvieh and four Holstein-Friesian) with 
parturient paresis were examined and treated by the same veterinarian (PZ) at the 
Veterinary Ambulatory Clinic of the University of Zurich. The cows came from 24 
different farms and had become ill 0 to 24 hours (mean [sd] 13.07 [7.26] hours) after 
calving. Eighteen cows came from tie-stall and 12 from free-stall operations. The cows 
ranged in age from four to 10 years (mean [sd] 7.1 [1.40] years). The cows had calved 
two to eight times (mean [sd] 5.2 [1.56] calvings) before the start of the study, and 
milk production in the previous lactation varied from 5200 to 10'900 kg (mean [sd] 
7757 [1343] kg). Seven cows had been treated for parturient paresis at the previous 
parturition. Fourteen cows had been treated shortly before or after parturition with a 
calcium preparation or vitamin D3 before they had clinical signs of partrient paresis.  
Eleven cows received light assistance during delivery from the owners. Four cows had 
retained placenta. The cows were treated two to 10 hours (mean [sd] 4.8 [2.50] hours) 
after becoming recumbent. The time from recumbency to treatment did not differ 
significantly among the groups. 
 
Clinical examination and diagnosis  
 All the cows underwent a clinical examination according to the method of 
Rosenberger (1990). A diagnosis of parturient paresis was made when cows had 
characteristic signs (Radostits and others 2007) within 24 hours of calving. All cows 
have become recumbent within 24 hours following parturition. The findings have been 
described in detail by Zulliger (2008). 
 
Treatment 
 The 30 cows were divided randomly into three groups. The cows in group A 
received 500 ml of 40 % calcium borogluconate solution with a supplement of 6 % 
magnesium hypophosphite (18.78 g calcium gluconate and borogluconate, 11.82 g 
magnesium hypophosphite, Calcamyl-40MP®, Gräub, Bern) intravenously over a 
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period of approximately 10 minutes. During the infusion, the cow’s heart rate and its 
rhythm were monitored continuously. The cows in groups B and C received the same 
treatment, plus 500 ml of a 10 per cent sodium hydrogen phosphate containing 10 g 
inorganic phosphorus (NaH2PO4 * 2 H2O, Streuli, Uznach) intravenously. In group B, 
this was administered over a 10-minute period after the calcium infusion, and in group 
C, 200 ml of the sodium phosphate solution was administered rapidly and the 
remaining 300 ml were added to 10 litres of sodium chloride and glucose solution (90 
g NaCl, 500 g glucose) and given over six hours as an intravenous slow drip (1.7 
l/hour). After the initial calcium infusion, the hind limbs were tied to prevent abduction 
and the cows were rolled onto the opposite side. All the cows were closely monitored 
for eight hours after the treatment and their heart rate, respiratory rate, rectal 
temperature, superficial body temperature, rumen motility, appetite and defecation 
were assessed every hour. The cows’ attempts to rise, their ability to stand and 
outcome of treatment were also noted. 
 
Treatment of cows that relapsed or did not respond 
 Cows that did not stand within eight hours of treatment or became recumbent again 
after successful initial treatment were given another 500 ml of 40 per cent calcium 
borogluconate; 300 ml was administered intravenously and 200 ml was given 
subcutaneously. 
 
Serum electrolytes, parathyroid hormone and urinalysis 
 Blood samples were collected from all the cows immediately before the treatment 
and 10, 20, 40, 60 and 90 minutes and two, three, four, five, six, seven, eight, 24, 48 
and 72 hours after the beginning of the treatment for determination of the 
concentrations of total and ionised calcium, inorganic phosphorus, magnesium and 
parathyroid hormone (PTH) in the serum using vacuum tubes (Vacuette® Serum Sep. 
Clot Activator, 5 ml, Greiner bio-one GmbH, Kremsmünster, Austria). The 
concentrations of calcium, inorganic phosphorus and magnesium were determined 
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using a Cobras Integra 700 analyser (Roche Diagnostics), using Roche reagents under 
conditions defined by the International Federation of Clinical Chemists at 37 °C. The 
concentration of ionised calcium was measured using ion-selective electrodes (Nova 
CRT 8, Nova Biomedical, Germany). The concentration of PTH was determined using 
a commercially available ELISA kit (Bovine Intact PTH ELISA, Immutropics Inc., San 
Clemente, USA). Urine was tested for ketone bodies before the start of treatment. 
 
Statistical analysis 
 The data were analysed using StatView 5.1 (SAS Institute). The frequencies, means 
and standard deviations were calculated. The clinical findings and the electrolyte 
concentrations of the cows of the three groups before treatment were compared using a 
chi-square test for association and a two-sided Student’s t-test, respectively. 
Differences in electrolyte and parathyroid hormone concentrations among the three 
groups after treatment were analysed using the Bonferroni/Dunn test. The response to 
treatment was analysed in three different ways. ANOVA for repeated measures was 
used to analyse differences in clinical variables (demeanour, rectal temperature, 
superficial body temperature, ruminal motility, defaecation) before and after treatment 
within and among groups. The numbers of cows that stood 8, 24, 48 and 72 hours after 
treatment were compared among the various time points and among the three groups. 
The overall outcomes (cured after one treatment, cured after multiple treatments, 
relapse after standing, unable to stand) were calculated and the results of the three 
groups were compared. The significance of correlation coefficients was analysed using 
the r to z test. 
 
Results 
Clinical findings before treatment 
 The clinical findings did not differ significantly among the groups. Seven cows had 
a normal demeanour, 17 were apathetic, four were somnolent and two were comatose. 
The two comatose cows and two of the somnolent cows were in lateral recumbency, 
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and the remaining 26 were in sternal recumbency. The rectal temperature ranged from 
37.2 to 39.2 °C (mean [sd] 38.2 [0.55] °C). The superficial body temperature was 
lower than normal in 20 cows. The appetite of 29 cows and ruminal motility in 27 were 
decreased or absent. Sixteen cows had intestinal atony and 17 had hard dry faeces. The 
clinical findings have been described in detail by Zulliger (2008). 
 
Clinical findings and outcome after treatment 
 There was no significant difference in the outcome among the three groups. The 
demeanour of all but one cow normalised after treatment, and the rectal temperature 
returned to normal within one hour of treatment. Within eight hours of treatment, 
appetite returned in 21 cows, was decreased in eight and absent in one. Detectable 
ruminal motility resumed within three hours of treatment in all the cows. Twenty-eight 
cows defaecated within eight hours of treatment.  
 There was no significant difference in the outcome of treatment among the three 
groups. Twenty cows (66 per cent) (seven of group A, seven of group B and six of 
group C) stood within eight hours of treatment. The overall outcome of treatment did 
not differ significantly among the three groups. Seventeen cows were cured after one 
treatment (Table 1), six required two to three treatments until they were able to stand 
and four had a relapse and required one to three additional treatments. Three cows 
never stood, despite multiple treatments, and were euthanased. Two of these cows had 
severey myopathy, and the third was initially comatose, in lateral recumbency and had 
a serum calcium concentration of 0.46 mmol/l, which was the lowest concentration 
measured in the study. Repeated treatment did not result in improvement and the cow 
was euthanased; a postmortem examination was not possible.  
 
Initial electrolyte concentrations, PTH values and urinalysis 
 The initial serum electrolyte and PTH concentrations did not differ significantly 
among the groups. All the cows had hypocalcaemia with a serum concentration of total 
calcium of less than 2.0 mmol/l (range 0.46 to 1.96 mmol/l; mean [sd] 1.00 [0.37] 
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mmol/l) and hypophosphataemia with a serum concentration of inorganic phosphorus 
of less than 1.30 mmol/l (range 0.11 to 1.21 mmol/l; 0.39 [0.28 mmol/l]). The serum 
concentration of ionised calcium was less than 1.06 mmol/l in all cows (range 0.24 to 
1.04 mmol/l; 0.55 [0.20] mmol/l) before treatment. There was a significant correlation 
(r = 0.86, P < 0.01) between the initial serum concentrations of total calcium and 
inorganic phosphorus. The serum concentration of magnesium was less than 0.80 
mmol/l in one cow (range 0.73 to 1.79 mmol/l; 1.24  0.22 mmol/l) and that of PTH 
varied from 193.7 to 9866.5 pg/ml (mean [sd] 2487.3 [2512.0] pg/ml). 
A urine strip test revealed + ketone bodies in one cow and ++ ketone bodies in another. 
 
Electrolyte and PTH concentrations after treatment 
 There was no significant difference in the profiles of serum calcium concentrations 
among the three groups (Fig 1a). The serum concentration of calcium increased within 
10 minutes from below to above the normal range and slowly then decreased. There 
was transient hypercalcaemia, which lasted for 60 minutes, and then normocalcaemia 
at four hours post treatment. The mean concentration of calcium was below the normal 
range between five and 24 hours in all three groups but had increased to the lower end 
of the normal range at 48 and 72 hours in groups A and B and at 72 hours in group C. 
There was no significant difference among the groups with respect to the number of 
cows that had hypocalcaemia at 8, 24, 48 and 72 hours (Table 2). The serum 
concentration of calcium was below the reference range at eight hours in seven cows of 
group A, in nine cows of group B and in eight cows of group C, at 24 hours in eight 
cows of group A, seven cows of group B and six cows of group C, at 48 hours in six 
cows of group A, four cows of group B and seven cows of group C and at 72 hours in 
three cows of group A, two cows of group B and one cow of group C. 
 The concentration of ionised calcium correlated closely with that of total calcium in 
all three groups. The correlation coefficients ranged from 0.86 to 0.97 (P < 0.01) 
during the eight-hour monitoring period. There was no significant difference between 
the profiles of ionised calcium among the groups (Fig 1b). The initial mean 
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concentration of ionised calcium was below the normal range in all three groups. After 
treatment it increased markedly and was above the normal range from 10 minutes to 
two hours. The cows had normocalcaemia from three to five hours, followed by 
hypocalcaemia up to 24 to 48 hours (group B). The concentration of ionised calcium 
returned to the normal range after 72 hours in all three groups.  
 The concentration of inorganic phosphorus did not change after treatment in group 
A and remained below the normal range for 24 hours (Fig 1c). In group B, the serum 
concentration of inorganic phosphorus increased within 10 minutes of sodium 
phosphate administration and remained above the normal range for 20 minutes. 
Thereafter, the concentration of inorganic phosphorus slowly decreased and was within 
the normal range at four hours. The cows in group B had hypophosphataemia from five 
to eight hours and normocalcaemia at 24 hours. The mean concentration of inorganic 
phosphorus also increased after treatment in group C, although the values were not as 
high as those in group B. In group C, the mean concentration of inorganic phosphorus 
remained in the normal range for two hours and then decreased to below the normal 
range from three to eight hours. The profile of inorganic phosphorus concentration had 
a steeper and higher increase and remained increased longer in group B than group C 
(P < 0.01). Compared with group A, the inorganic phosphorus concentration was 
significantly higher from 10 minutes to two hours in group B and from 10 to 40 
minutes in group C (P < 0.05). After this time, the inorganic phosphorus values did not 
differ significantly among the groups. There were no significant differences among the 
groups with regard to the number of cows that had hypophosphataemia at 8, 24, 48 and 
72 hours (Table 2). The inorganic phosphorus concentration was below the normal 
range at eight hours in six cows of group A, seven of group B and eight of group C, at 
24 hours in five cows of group A, five of group B and six of group C, and at 48 hours 
in two cows of group A, two of group B and three of group C and at 72 hours in one 
cow of group A, two of group B and one of group C. 
 There was no significant difference in the profiles of serum magnesium 
concentration among the three groups (Fig 1d). In all the groups there was a rapid and 
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significant increase in the mean concentration of serum magnesium within 10 minutes 
of treatment (P < 0.01). The magnesium concentration then decreased slowly and after 
five hours, values were the same as those before treatment.  
 The profiles of PTH did not differ significantly among the groups. The 
concentration of PTH decreased rapidly and significantly immediately after treatment 
(Fig 1e) and then slowly increased to the eight-hour point, after which time it 
decreased slowly to 72 hours. 
 The profile of inorganic phosphorus (shape) was significantly higher in cows that 
stood within eight hours than in those that did not. The concentrations of inorganic 
phosphorus differed significantly between these two groups from 90 minutes to eight 
hours after treatment. The profiles of total calcium and ionised calcium did not differ 
significantly between cows that stood within eight hours and those that did not.  
 
Discussion 
 All our patients had hypocalcaemia and hypophosphataemia before treatment. This 
is in agreement with the results of other studies, in which 87 per cent (Salis 2002, 
Braun and others 2004a), 87 per cent (Siegwart and Niederer 2005), 90 per cent (Jehle 
2004, Braun and others 2006) and 100 per cent of cows with parturient paresis 
(Dumelin 2005, Braun and others 2007a) had concomitant hypocalcaemia and 
hypophosphataemia. Similar to other reports (Blum and others 1972, Dumelin 2005, 
Metzner and Klee 2005), there was a significant positive correlation between the serum 
concentrations of total calcium and inorganic phosphorus. 
 Twenty cows (66.6 per cent) stood within eight hours of treatment, which represents 
the lower end of the range reported in other studies. Reported rates of cows with 
parturient paresis that stood after one treatment range from 67 per cent (Radostits and 
others 2007), 70 to 73.5 per cent (Salis 2002, Braun and others 2004a, Jehle 2004, 
Dumelin 2005, Siegwart and Niederer 2005, Braun and others 2006, 2007a) to 75 per 
cent (Ötzel 1988).  
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 Intravenous infusion of sodium phosphate did not improve the outcome of the 
treatment of our patients. The number of cows that stood within eight hours of 
treatment and the number of cows that stood regardless of the number of treatments did 
not differ significantly among the groups. This may have been because the increase in 
inorganic phosphorus concentration, although significant, was only short-lived; 
hypophosphataemia recurred after three hours in group C and after five hours in group 
B, and the mean serum concentration of total calcium decreased to below the normal 
range after four hours in all three groups. Cheng and others (1998) and Horner and 
Staufenbiel (2004) also observed a rapid increase in the inorganic phosphorus 
concentration after intravenous infusion of sodium phosphate in cattle. In contrast, oral 
administration of 350 g sodium dihydrogen phosphate resulted in a slow increase in the 
serum concentration of phosphorus, which led to normal values after 90 minutes 
(Dumelin 2005, Braun and others 2007b). Although values remained within the normal 
range for eight hours after oral administration of phosphate, the outcome was not better 
than in cows that had received standard treatment of parturient paresis. The profiles of 
phosphorus concentration differed because of the difference in route and amount 
administered. In our study, 10 g of phosphorus were administered intravenously, 
whereas Dumelin (2005) gave 70 g phosphorus per os. In contrast to the intravenous 
route of administration, phosphorus administered orally must first be resorbed before 
serum levels become elevated. The serum concentration of phosphorus remained 
within the normal range for an extended period of time because of the high oral dose of 
sodium phosphate administered. The 10 g phosphorus administered intravenously in 
our study was sufficient to elevate the phosphorus concentration into the normal range 
initially, but was not enough to maintain normal levels for eight hours. Increasing the 
initial dose of intravenous phosphorus is not recommended because even a relatively 
low dose of 10 g phosphorus led to transient hyperphosphataemia, and because of the 
risk of the production of poorly-soluble calcium phosphate salts (Cheng and others 
1998). A combination of intravenous and oral administration of sodium phosphate may 
result in a rapid and prolonged normalisation of the serum phosphorus concentration.  
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Table 1. Outcome of treatment of 30 cows with parturient paresis 
 
Outcome 
Group 
A 
Groupe 
B 
Groupe 
C 
Total 
cows 
Cured after one treatment  7  5  5  17 
Cured after multiple treatments   
 1 
  
 3 
  
 2 
 
 6 
Relapse after standing  1  2  1  4 
Did not stand  1  0  2  3 
 
 
 
Table 2. The number of cows with hypocalcaemia and hypophosphataemia at different 
times after treatment  
Hypocalcaemia (Calcium < 2.0 
mmol/l) 
Hypophosphataemia (Inorganic 
phosphorus < 1.3 mmol/l) 
 
Hours after start 
of treatment Group A Group B Group C Group A Group B Group C 
 0  10  10  10  10  10  10 
 8  7  9  8  6  7  8 
 24  8  7  6  5  5  6 
 48  6  4  7  2  2  3 
 72  3  2  1  1  2  1 
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Legend to figure 
Figure 1: Serum concentrations of total calcium (a), ionised calcium (b), inorganic 
phosphorus (c), magnesium (d) and parathyroid hormone (e) after rapid intravenous 
infusion of a calcium borogluconate solution (group A), rapid intravenous infusion of 
calcium borogluconate solution and rapid intravenous infusion of a sodium phosphate 
solution (group B) or rapid intravenous infusion of calcium borogluconate solution and 
rapid intravenous infusion, followed by slow intravenous infusion, of a sodium 
phosphate solution (group C) in cows with parturient paresis. Mean and standard 
deviation. The yellow shaded areas indicate the normal ranges 
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